antimicroalgal substances named halymecins A (1), B (2) and C (3) were isolated from the fungus Fusarium sp.
FE-71-1 from an algal isolate. We also found other halymecins D (4) and E (5) from another fungus, Acremonium sp. FK-N30, isolated from another algal isolate. This paper describes the taxonomic studies of the producing organisms, as well as production, isolation, structure determination and some biological activities of the halymecins.
TaxonomicStudies of Producing Strain The producing fungus ofhalymecins A, B and C, strain FE-71-1, was isolated from a marine alga {Halymenia dilatata) taken from the Palau islands. It was identified as a Fusarium sp. through its morphological and physiological properties. Another fungus, producing halymecins D and E, strain FK-N30, wasisolated from a marine alga collected from Aburatsubo at Kanagawaprefecture in Japan. It wasidentified as an Acremoniumsp. in the sameway. Production of Halymecins by Fermentation FE-71-1 was cultured in 100-ml Erlenmeyer flasks containing the fermentation mediumdescribed in the culture and mediumconditions section. Atypical time (Fig. 3 ) of each unit showed the connectivities from the H-2 through the H-6 protons, as well as the assignment of these protons. HMBC spectra showedthe correlations between the methine proton (H-5) and the carbonyl carbon (C-l) of adjacent units, revealing that Calcd. 965.5685) which was greater by C6H10O5 than 1 and showed quite similar^NMRand 13C NMR spectra comparedwith those of 1, except for the existence of a sugar moiety. These results indicate that 2 consists of one sugar moiety attached to 1. The nonglycosidic moiety was characterized by NMRstudies done in the same manner as 1 ( Table 1 ). The HMBC spectrum revealed that each unit was linked by ester linkages thorough the 5 position, and an acetyl group was assigned to the C-3' position. The sugar residue was identified by HPLC analysis of the hydrolysate of 2 which was obtained with 0.5n hydrochloric acid. The hydrolysate was subjected to HPLCanalysis using fluorescent detection after condensation with benzamidine5); the sugar peak coincided with mannose. The methanolysis product of 2 was a-methyl mannoside, which was identified as the D form by optical rotation6). The HMBC spectrum correlated the anomeric proton with the y methine carbon so that the location of mannose was assigned to position 3'". A NOESYspectrum showed the correlation ofH-l with H-3 and H-5 positions on the mannoside moiety, so that the linkage of the glycosidic residue was determined to be j8 (Fig. 6 ). Thus the structure of2 was determined as shown in Fig. 1 . The numberof carbons corresponded to four decanoate units, while two extra oxygens were accounted for by assuming that halymecin D contains trihydroxydecanoate units as well as dihydroxydecanoateunits. Negative MS/MS on 793 showed fragmented ions derived from the cleavage of ester linkages on all four units, providing us with a structure composedof two dihydroxydecanoates and two trihydroxydecanoates (Fig. 7) . The COSY spectrum showed the connectivities from C-2 to C-6 containing C-3 (4.07, 4.20) and C-5 (3 5.02, 3.76) protons. The methine proton (H-9, 3 3.71) is bound to oxygen and is notinvolved with this connectivity. It is coupled to terminal methyl groups (3 1.12, 1.13) ,so that the hydroxygroups on trihydroxydecanoate were assignedto positions 3, 5 and 9. Thus the structureof4 was determinedas shown in Fig. 1 Fig. 7) .Thus the structure of 5 was determinedas shown in Fig. 1 . Model LLB-M, Sanki Laboratories, Inc.) was performed using a TOSOH CCPD system. Merck silica gel 60 (230~400 mesh) was used for column chromatography.
Microorganisms
The fungus producing halymecins A, B, C, strain FE-71-1 , was isolated from an algae {Halymenia dilatata) from the Palau Islands. Another fungus producing halymecins D, E, strain FK-N30, was isolated from algae (unidentified) at Aburatsubo (Kanagawa, Japan).
Culture and MediumConditions
Strain FE-71-1 An agar slant of the strain FE-71-1 was inoculated into a 100-ml flask containing 20ml of fermentation 1003 medium consisting of 50% sea water, 1% glucose, 0.5% yeast extract and calcium carbonate (pH 8.0 before sterilization). The flask was incubated at 30°C for 4 days on a reciprocal shaker. The whole portion of this culture was divided and transferred to fifteen 1-liter Erlenmeyer flasks containing 400ml of the same mediumas above. The fermentation was carried out at 30°C for 4 days on a reciprocal shaker.
Strain FK-N30
Fermentation for strain FK-N30was also performed according to the same procedure for strain FE-71-1 except with a fermentation mediumconsisting of 50% sea water, 1.0% kelp powder, 1.0% dried bonito powder, 1.0% glucose and 0.5% calcium carbonate (pH 8.0 before sterilization).
Taxonomic Studies
Strain FE-71-1
1) Mor phol ogy
Physiological properties were examined with an optical or scanning electron microscope. The culture was prepared with YMbroth at 30°C. The hyphae possessed septa, howeverteleomorphs were not observed. Conidiospores bore a whorl of phialide. Macrocondia, canoe shaped and 4 or 5-celled were formed on sporodochia. Microcondia, ovoid or oblong shaped were formed on sporodochia (phialosphere) which branched from aerial mycelium. Thick-walled chlamydospores were formed by hyphae or macrocondia. Thus this strain possessed anamorphs as explained above. However teleomorphs were not observed.
2) Cultural properties Aerial mycelia were cotton-like, white and turned to light red with prolonged cultivation. Yellow, reddish yellow, purple or grayish green pigments appeared on different media. The strain could grow in the range of 14 to 33°C and the optimal temperature was 29 to 33°C in YMbroth. The strain could grow at the range of pH 3 to ll in thebroth, and the optimalpH was at4 to ll with best growth around pH 9. On the basis of these results strain FE-71-1 was identified as Fusarium sp.
This strain was deposited at the National Institute of 2) Cultural properties In a YMagar plate at 30°C, the diameter of the colony reached 30mmafter 7 days. The surface of the colony was white and turned to salmon pink. Wrinkles spread radially from the center of the mycelium. The strain could grow in the range of 4 to 38°C and the optimal temperature was 25 to 30°C in YMbroth. The strain could grow in the range of pH 3 to ll in the broth, and the optimal pH was at 3 to 6. On the basis of these results strain FK-N30 was identified as Acremonium sp.
Antimicroalgal Activity Bluegreen algae Oscillatoria amphibia (O.a.), Diatom Skeletonema costatum (S.c), Green algae Brachiomonas submarina (Br.s.) and Dinoflagellate Prorocentrum micans (P.m.) were used for the antimicroalgal activity assay. Microalgae were cultured for one week at 2000 lux (dark and light were alternated every 12 hours), and inoculated with the f/2 medium consisting of 99.9% sea water with 0.1% f/2 metals (shown in Table 3 ). This medium was sterilized at 121°C for 15minutes. The inoculation was performed under sterile conditions. Thirty ml of culture for P.m., and 20ml for the rest of microalgae, were diluted with 10ml of sterilized F/2 medium, adjusted for the assay culture. Ten /d of the test samples were applied to a 96 well microplate, airdried and 200/il of these assay culture were inoculated at 25°C under 2000 lux light (12 hour intervals). Ten /ig/ml and 500/ig/ml of dicyclodimethylurea was used for the positive control. The activities against P.m. or Br.s. were examined using a light microscope, while Preparation of Halymecin A Tetraacetate (la) Compound 1 (5mg) was dissolved in pyridine (l ml) and 2ml of acetic anhydride was added. The reaction mixture was kept at roomtemperature for 30minutes, and worked up in the usual manner. The residue was purified by Lichrocurt Si (500 mg, Merck) column chro- The harvested culture (6 liters) was centrifuged at 30°C
for 30 minutes at 3,500rpm. The supernatant fluid was extracted with an equal volume of EtOAc.The extract was fractionated by using high speed CPC with a solvent system containing 1 : 1 hexane-90% EtOH (lower layer as stationary phase). The active fraction was again fractioned by CPC with CHC13-MeOH-H2O=2:2: 1 (upper layer as the stationary phase). The resulting active fractions were further separated using HPLCon a reverse phase Lichrosphere RP-18 column (10 x 250mm, Merck) with 60% H2O-MeOHto yield a single peak (9 mg), containing two novel compounds, designated as 1 005 halymetins D (4) and E (5): XH NMR (CDC13 -CD3OD-
